Optical fiber sensor which is based on palladium is highly sensitive to detect hydrogen. In this paper we analyzed the effect of buffer on sensitivity. Sensitivity is affected due to presence of buffer between side polished fiber core and hydrogen absorbing palladium layer. We optimized the buffer thicknesses for different palladium thickness to achieve maximum sensitivity.
Introduction
Consumption of traditional energy sources, i.e., hydrocarbons produces toxic gases which pollute the environment and have adverse effect on our health. The consumption of hydrogen as fuel do not produce any toxic material and hence it is being promised as one of the cleanest energy source [1] . Since gaseous volumetric hydrogen concentration in the range 4-74.5% in air (at room temperature and pressure) leads to an explosive atmosphere, highly sensitive sensors are required to monitor the presence of hydrogen in the environment [2] . Different types of semiconductor-based hydrogen sensors have been demonstrated [3] . These sensors exploit electrical characteristics for the detection purpose and hence may trigger an explosion during hydrogen leakage. In order to avoid this, optical fiber based sensors are preferred in hydrogenation environment because in this only optical signal is playing the role of sensing while its electrical parts, source and detector are located remotely, and also have a number of other advantages such as inherent safety, immunity to electromagnetic interference, and distributed remote sensing capability [4] . Different types of optical fiber hydrogen sensors are reported in literature and most of them are based on the interaction of the evanescent field with hydrogen through a transducer [5] [6] [7] . Recently Kim et al. have proposed a hydrogen sensor based on Pd coated side polished single mode fiber (SPSMF) [8] . In this design a single mode fiber is fixed in a quartz block and side polished to remove cladding to expose the evanescent tail of the field guided in the core of fiber. The polished face of the fiber is then coated with Pd which acts as a transducer.
Numerical Procedure
A schematic of SPSMF is shown in Figure 1 in which remaining cladding present between core and Pd layer is shown as buffer layer. The equivalent planar model of this sensor is divided in three sections, namely input, sensor and output sections as shown in Figure 2 . The input and output sections represent equivalent planar waveguide (EPWG) of the input and output of the single mode fibers and the polished side polished fiber half block (SMFHB) with buffer layer and Pd layer represented as sensor section. The modal indices and the field distribution of guided modes in all these sections were obtained using numerical procedure reported earlier [9] . At z = 0, the excitation coefficients of the guided mode and surface plasmon wave (SPW) of sensing section and that of the guided mode of output section at z = L as well as the power coupled to the sensing and output sections were obtained using the numerical procedure as suggested in Ref. [10] . The dielectric constant of Pd film changes during hydrogenation and hence the field distribution of SPW which leads to corresponding change in excitation coefficient and hence the power coupling to sensing and output sections. Since the optical power absorption decreases as the concentration of H2 in Pd increases, this change results in an increase in the optical power coupled into output section. The power coupling between the guided mode and SPW depends strongly on the thickness of the buffer layer, hence the thickness of remaining cladding, i.e., of the buffer layer is optimized to obtain maximized sensitivity of the sensor. The sensitivity of SMFHB sensor is defined as S = 10log10(Pg/Pa) where Pa and Pg are the output optical powers when the sensor section is exposed to pure N2 and mixture of N2 (96%) and H2 (4%) respectively. Since the SPW modes at dielectric/metal interface are supported only for TM modes, we have not considered TE modes in our calculations. The effect of radiation and reflected power at the input/sensor and sensor/output junctions are also neglected. All numerical simulations have been performed at wavelength 1550 nm. 
Result and Discussion
When the palladium film absorbed the hydrogen, then complex dielectric constant of palladium film changes. The real and imaginary part of the dielectric constant increases almost linearly with increase in hydrogen concentration. When palladium becomes palladium hydride, its complex dielectric constant formulated by εpd(c) = h(c)εpd(0), where the hydrogen constant h(c) is the empirical decreasing function of the hydrogen concentration, c is the concentration of hydrogen in pd and εpd(0) is the complex dielectric constant of Pd in the absence of hydrogen [11] .
Sensitivity as a function of buffer thickness for different transducer (Pd) thickness is shown in Figure 3 . The sensitivity shows a maxima for a given Pd thickness at certain buffer thickness. Figure 4 shows the variation of optimized buffer thickness and sensitivity as a function of palladium thickness. With the increase in Pd thickness the optimized buffer thickness increases initially showing a maximum value of 1.1 µm for Pd thickness 56 nm and then gradually decreases and after that almost constant. Maximum sensitivity is obtained for Pd thickness 26 nm for optimized buffer thickness 0.62 µm. The sensitivity (S) of the sensor has been plotted as function of length of the sensor section in Figure 5 which exhibits that the sensitivity increases linearly with the increase in interaction length. With use of optimized buffer thickness an improvement of nearly 84% is found for the interaction length of 2.46 mm used in the experimental results reported in Ref. [8] in which the buffer thickness was 2 µm. Effect of hydrogen concentration in ppm (parts per million) on sensitivity for reported and optimized buffer and optimized transducer thickness is shown in Figure 6 . Results show that sensitivity varies linearly with hydrogen concentration in transducer layer when the sensor is subjected to mixture of N2 (96%) and (H2 4%) at partial pressure of about 630 torr at room temperature [12] . 
Conclusions
We have done the numerical investigation of single mode side polished fiber hydrogen sensor. The remaining thickness of cladding layer between the core and Pd acts as a buffer layer which controls the coupling between guided and plasmon modes. We studied this coupling effect and optimized thickness of this buffer layer to maximize the guided to plasmon mode coupling. We achieved an improvement of 84% in sensitivity with respect to the reported experimental results.
